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Some slots in Washington have failed when longitudinal cracks in the existing pavement form at 

a DBR slot.  When a DBR slot is intersected by a longitudinal crack, Washington does not chip 

out the slot and place a DBR, but will rather just clean and reseal the sawcut with an epoxy 

material.  Sound concrete must exist at transverse joints and cracks throughout the depth of the 

slab.  Coring and visual inspection are required to ensure there exists sound portland cement 

concrete (PCC) in the lower portion of the slab.  Minnesota strongly contends that if there is 

significant lower slab deterioration (lower portion of core falls apart), then DBR may not be 

effective and full depth repair is more effective for that joint. 

Are Dowel Bars Required to Control Joint/Crack Faulting? 

The main question that must be answered to justify spending additional funds for a CPR project 

is, “Are dowel bars required to control future transverse joint and crack faulting?”  One way to 

answer this question is to examine the existing pavement and measure the amount of faulting that 

exists since construction or a previous diamond grinding operation.  The typical magnitude of 

what is considered “significant” faulting for a JPCP with short joint spacing is 0.125 inches.  

This much mean faulting affects International Roughness Index (IRI) and user ratings 

significantly, and many States use this level for pavement management decisions, as does 

Washington for diamond grinding.  Thus, if an existing JPCP has mean joint faulting close to this 

value over a number of years, then it is highly likely that after diamond grinding the existing 

pavement will begin the faulting process again, and the faulting may develop at a more rapid rate 

(e.g., traffic is heavier and joint or crack LTE is lower).   

One tool that is now available to predict future joint faulting after an existing JPCP has been 

diamond ground is the AASHTOWare Pavement ME Design software.  The “Restoration” 

pavement type must be chosen and the required data entered to run the program to estimate mean 

joint faulting over the next 10 to 20 years.  Figure 3 shows the projected joint faulting for a JPCP 

over a future 20 years, both with and without DBR of varying diameters.  This is a valuable tool 

to provide another estimate of what will happen if no dowels are installed versus a full DBR 

installation with varying diameters.  Figure 3 shows the potential for extra life until critical 

faulting is reached.  Note the impact of dowel diameter on mean joint faulting, which is due to 

lower dowel/concrete bearing stress under load.  The Pavement ME Design software also 

calculates slab fatigue transverse cracking and IRI, given the after-grind slab thickness. 
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Figure 3. AASHTOWare Pavement ME Design example output for a JPCP CPR 

grinding project, with and without DBR. 

 

Design and Layout of DBR 

Washington has devoted substantial effort to the development of a detailed joint DBR layout 

plan and details as shown in Figure 4, Figure 5, Figure 6, Figure 7, and Figure 8 (Washington 

State Standard Plan for DBR, A-60.20-03).  Another excellent reference source for DBR is, 

“Dowel Bar Retrofit:  Do’s and Don’ts,” by Pierce, Weston, and Uhlmeyer (2009), which is 

recommended for many more details and step-by-step of DBR.  Many critical details can be 

found on these diagrams, including spacing and diameter.   

Washington requires three dowels per wheel path that are spaced at 12 inches apart.  One key 

dimension of note is the 18-inch spacing from the outer edge of the slab to the first dowel bar.  

Retrofit dowel bars used to be placed at 12 inches from the longitudinal lane/shoulder joint.  This 

often resulted in various random cracks in the area of the dowel.  Washington modified the 

spacing from 12 to 18 inches from the outside edge, and this eliminated the random cracking and 

placed the dowels more in the truck wheel paths.  Another notable dimension is the large 1.5-

inch dowel diameter, as noted below: 

 Dowel diameter: 1.50 inches. Large diameter dowel is extremely effective in reducing 

dowel/concrete bearing stress to greatly reduce joint faulting. 

 Dowels epoxy-coated. 

 Dowel expansion caps tight-fitting, non-metallic material. 

 Chairs are epoxy-coated or non-metallic material. 

Washington, Utah, and California (>9-inch slab) use the 1.5-inch dowel diameter in their DBR.  

Minnesota and California (<9-inch slab) use a 1.25-inch dowel.  Missouri uses three 1.25-inch 

dowel in each wheel path.  The different sizes appear to work for the States involved with the 
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projects they have constructed.  For only three dowels per wheel path, the use of a 1.5-inch 

dowel may very well be worth the extra cost given the variations in placement of DBR. 

California has DBR usage criteria that the LTE of the transverse JPCP joints be less than 70 

percent (non-doweled joints are nearly all less than this value in cooler weather) and the extent of 

existing slab cracking is less than 5 percent of slabs.  Projects in California have shown an 

increase in transverse joint LTE from 30 to over 80 percent after DBR (Smith and Alarcon, 

2002).  A large amount of cracking is indicative of loss of support and rocking slabs and that an 

acceleration of fatigue cracking is likely to occur as the pavement receives increased levels of 

truck traffic. 

  

 

Figure 4. Washington State DOT DBR design and plan layout diagram for perpendicular joints. 

(Washington State DOT Standard Plan for DBR, A-60.20-03) 
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Figure 5. Washington State DOT DBR design and layout diagram for skewed joints. 

 (Washington State DOT Standard Plan for DBR, A-60.20-03) 
 

 

Figure 6. Washington State DOT DBR placement detail. 

(Washington State DOT Standard Plan for DBR, A-60.20-03) 
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Figure 7. Washington State DOT DBR cross-section layout diagram. 

(Washington State DOT Standard Plan for DBR, A-60.20-03) 
 

An experimental DBR project on an 8-inch JPCP was constructed in Iowa with a variety of 

dowel shapes (circular and elliptical), materials (steel and fiber reinforced polymer), and number 

of dowels per wheel path.  Results after several years of traffic showed that all dowel cross-

sectional types, dowel material types, and number of dowels per wheel path (two, three, and 

four) performed equally at controlling faulting. (Cable et al., 2008) 

3. Dowel Bar Retrofit Specifications 

Washington and the other States appear to have very effective specifications and special 

provisions for DBR.  Contractors who have worked in these States affirm they are reasonable 

and effective.  Table 4 summarizes the various specifications, special provisions, and other 

documents from these States.  Each of the key topics of DBR construction is covered in this 

section. 
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Table 4. Summary of State specifications for DBR. 

 

State Specification/Documents 

Washington WSDOT 5-01 Cement Concrete Pavement 

Rehabilitation 

Standard Plan A-60.10-03  

“Dowel Bar Retrofit:  Do’s and Don’ts” WSDOT 

(2009) 

Minnesota MnDOT 2302 SP. 

Concrete Pavement Rehabilitation Best Practices 

Manual, MN Local Road Research Board, 2006. 

California Section 40-1, SSP 41-.02, RSP P10 

Dowel Bar Retrofit, Revised Standard Plan P7 

SSP 41-8.  Dowel Bar Retrofit 

SSP 41-8.03L 

SSP 41-8.01D(6) 

“Evaluating Load Transfer Restoration,” Karl 

Smith, Raul Alarcon, July 2002, California DOT 

Missouri MoDOT Standard Specification 613.40 

MoDOT Standard Drawing 613 (Sheet #4) 

Utah UDOT Standard 2754 

 

Training of State and Contractor Staff 

Training was a major concern for DBR for all of the States and contractors included in the 

survey because, if anything goes wrong, the DBR is likely to fail early.  Washington provides 

“just-in-time” training.  In California, training is provided by the contractor 2 weeks before DBR 

starts: saw cutting slots, concrete removal, cleaning & preparing slots, placing dowel bars, 

mixing & placing polyester concrete backfill, opening to traffic & contingencies, test section 

construction, and coring.  Minnesota used to provide online videos (YouTube) and used to 

require contractors to watch.  Apparently, the level of experience in Minnesota has increased 

enough to end this requirement a few years ago.   

Training is a very important aspect for both inspectors and contractors.  Inexperience and 

turnover have been an issue at the State level; therefore, training is strongly recommended. 

Removal of PCC in DBR Area and Cleaning the Area 

In Washington and other States, they use diamond saw blades to cut the dowel slots.  Slots are 

not cut near cracks, as this leads to more cracks and spalls.  Light jackhammers (<30 lb) are used 

to remove material to minimize breaking through the slot.  Slot surfaces are cleaned by 

sandblasting to remove slurry caused by saw cutting, and enable bonding.  Contractors 

emphasize that sandblasting is a key issue to get the slurry out of the slot, since it is difficult to 

tell if it has been really cleaned, and cleanliness is essential to achieving bond. 
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Caulking filler, neatly placed in the joint across the slot bottom and sides, is required to prevent 

patching material seeping into the joint or crack.  However, caulking is often overspread, up to 2 

inches, on either side of the joint or crack.  Optimally, the caulking material should not extend 

more than ½ inch on each side; otherwise, the extra width of chalking material reduces the 

effective bonding area between the slot material and the slab. 

A Washington contractor stated that a method has been developed to remove the slot materials 

without full depth saw cuts.  This method reduces the amount of material used and reduces the 

number of workers on the job, thereby reducing cost for the same quality and performance.  The 

current cutting of the slot itself with saw blades ends up using a lot of slot material that is not 

needed.  Sheet plan A60.2003 is not drawn to scale, but if it were, it would show a lot of 

additional slot fill material is wasted.  The new approach removes 20 inches of slot length using 

a vertical drill shaft operation that gives better bonding and requires less material. 

Dowel Bar Selection 

Since the life of DBR is typically 10 to 20 years, whether the bars need to be corrosion resistant 

varies from climatic region to region.  Washington has dowel bar corrosion-resistant alternatives: 

stainless steel, low-carbon chromium steel, zinc-clad, and most used epoxy-coated (ASTM 

A934).  Dowel bar spacing remains at three bars per wheel path regardless of the dowel type.  

Washington uses corrosion-resistant dowel bars for new construction and has used non-corrosion 

resistant dowel bars for DBR.  However, non-corrosion resistant dowels in Washington are 

epoxy-coated. 

The other States interviewed specify corrosion-resistant dowels for DBR.  If an agency specifies 

corrosion-resistant coated dowels for regular concrete pavement and also for full depth repairs, 

then coated dowels should obviously be used for DBR.  If a dowel becomes corroded it is likely 

to bond to the surrounding concrete, creating a locked up joint which may result in severe 

cracking of the DBR slot and surrounding concrete over time. 

Lightly Coated Dowel and Placement of the Dowel Bar Assembly 

All of the States believe it is essential that, prior to the dowel assembly being placed into the slot, 

the dowel be lightly coated with lubricant or parting compound.  (see Pierce, Weston & 

Uhlmeyer, 2009)  If the dowel is not coated with lubricant, it may bond to the slot cementitious 

material, lock up the joint, and result in cracking of the slot material as well as beyond into the 

slab, because the joint is going to continue to open and close.   

A recent study showed that the pullout of ungreased dowels requires a significantly higher force 

than for greased dowels, suggesting that a lack of grease may restrain a doweled joint from 

opening and closing and cause joint lockup (Khazanovich, Hoegh & Snyder, 2009).  A DBR 

experimental project, constructed in Florida on I-10 in 1988, developed significant early cracking 

near and between the dowel slots.  The appearance of the cracks made it seem that the joint had 
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locked up, and this is believed to have been due to no lubricant on the dowel bars. (Hall, Darter 

& Armaghani, 1992)  Thus, it is deemed essential that the dowels be lightly coated to prevent 

bonding and joint lockup. 

The lubricated dowel bar assembly is placed into the slot as shown in Figure 8.  The assembly is 

placed in the center of the slot.  Other States utilize a very similar approach to that of 

Washington.   

 

Figure 8. Inserting dowel bar assembly into slot. (Photo Courtesy of Jeff Uhlmeyer, WSDOT) 

 

Joint Separation Material and Sawing of Joint 

The foam insert in Washington is a ⅜-inch-thick material that is placed at the dowel center to 

maintain the transverse joint.  The foam insert used to keep incompressibles out of transverse 

joints is called “foam core board.”  The foam insert must be capable of remaining in a vertical 

position and tight to all edges during the placement of the concrete patching material.  Silicone 

caulk is used for sealing the transverse joint at the bottom and sides of the slot.  The slot is 

overfilled a little to provide for diamond grinding of the pavement surface. 

In Washington, the joint is maintained by saw cutting the surface with a hand pushed single 

blade saw. The cut width is 3 ⁄16 to 5⁄16 inch and the depth 1½ inches. The cut length is 2¼ feet 

long centered over the three retrofit dowel bars. 

A Utah contractor stated that maintaining the proper location, especially standing it up vertically, 

is perhaps the most important installation item.  Many times the foam falls over in the slot or 
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curves around and prevents the joint from forming.  The “foam tabs” must be straight up and 

down.  The other States use a similar material and requirements. 

DBR Slot Material 

Washington’s concrete slot material is prepackaged mortar extended with aggregate (example 

product: CTS non-shrink rapid set grout).  See WSDOT Standard Specification Section 9-20 for 

strength, scaling resistance, and freeze-thaw requirements.  This material has provided good 

performance in Washington. 

The slot material is placed, consolidated, and cured until ready to open to traffic.  Saw cut slots 

are prepared such that dowel bars can be placed at the mid depth of the concrete slab, centered 

over the transverse joint, and parallel to the roadway centerline and surface.  Placement 

tolerances for dowel bars are as follows:  

 ± 1 inch of the middle of the concrete slab depth.  

 ± 1 inch of being centered over the transverse joint.  

 ± ½ inch from parallel to centerline, ignore joint skew.  

 ± ½ inch from parallel to the roadway surface. 

 

The Washington contractor interviewed recommends that the material used in the slot needs to 

be as hard as the existing PCC.  If not, the retrofits wear down from studded tire wear more than 

the existing PCC itself.  Studded tire wear is excessive in Washington State.  The increased 

studded tire wear in the eastern portion of the State is due to higher numbers of studded tires and 

a softer aggregate than on the western side.  This factor must be considered in most CPR work.  

One current project shows ½ to 1¼ inch of studded tire rutting along the project.  Retrofit 

material must have good hard aggregate (pea gravel or No. 8 stone) to match the wear down of 

the filler material. 

California uses polyester concrete, which consists of polyester resin binder and dry aggregate.  

The existing slot surface is treated with high molecular weight methacrylate (HMWM) bond 

agent.  A description of polyester concrete is provided in the partial depth repair case study 

prepared for Missouri DOT.  Minnesota uses packaged, dry, non-shrink, rapid hardening 

concrete conforming to ASTM C 928 (R3) plus other tests.  Missouri uses rapid set concrete 

patching material. Example products include Western Materials product (MO) and CTS product 

(CA).  Utah uses prepacked, dry, non-shrink, rapid hardening concrete such as Five Star, AHT 

DB Retrofit Mortar. 

Minimum Time to Open to Traffic 

Washington’s slot material sets up well and allows opening to traffic in 2 hours.  Required 

compressive strength in 3 hours is >3,000 psi.  California opening times require at least 4 hours 

plus 2 additional minutes for each 1 minute that the initial set time exceeds 30 minutes; or the 
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contractor may, upon providing certified laboratory test results for compressive strength under 

California Test 551 or ASTM C109, submit a request for authorization to open to traffic in less 

than 4 hours depending on the time for polyester concrete to reach 1,250 psi compressive 

strength.  Minnesota requires >3,000 psi compressive strength or manufacturer’s 

recommendation.  Missouri requires both 2 hours’ time and compressive strength >1,600 psi 

prior to opening.  Utah requires >3,000 psi compressive strength.  

4. Inspection/Acceptance 

Washington has a detailed inspection plan in their construction manual that includes meeting 

with the contractor, visual inspection of slots, sandblasted faces, dowels, foam core inserts, fill 

material, and equipment.  First, a preconstruction meeting is held to ensure everyone understands 

the DBR requirements.  The inspector verifies that the slots are located in accordance with the 

plan and cut parallel to the centerline of the roadway and to each other, and that they are centered 

over the transverse joint.  All exposed surfaces and cracks in the slot must be sandblasted to a 

clean concrete surface.  All grout residue and debris must be removed from the slot. 

The inspector should ensure that dowel bars are as specified and are placed in accordance with 

the plan.  Foam core inserts must be placed at the middle of the dowel, in line with the transverse 

joint, and must fit tightly to the sides and bottom of the slot.  The foam core inserts should 

extend to the top of the existing pavement.  It is important that the foam core inserts are placed 

perpendicular to the bars and line up with the perpendicular transverse joints.  The top of the 

foam core insert will be removed when the joint is saw cut through the section top above the 

dowel.  Concrete material is placed in the slots in a manner that does not disturb the dowel bar 

and to a level slightly above the level of the surrounding roadway. 

Materials. The contractor must use concrete patching materials meeting the requirements of 

Standard Specifications Section 9-20.  The inspector should inspect and document all 

prepackaged cementitious materials to ensure that they are properly labeled and that the 

contractor mixes them to the correct proportions, and follows any placement restrictions, listed 

on the packages. 

Ensure that dowel bars and tie bars are placed in accordance with the plan  and meet the 

requirements of Standard Specifications Section 9-07.5(1) and 9-07.6.  The inspector should 

collect the manufacturer’s Certificate of Compliance documentation (and Certificates of 

Materials Origin on federally funded projects) for all dowel bars and tie bars prior to use on the 

project.  As previously described, the dowel must be lightly coated with lubricant or parting 

compound. 

Equipment.  The inspector should verify that all equipment used is in good working order and 

meets the requirements of the contract.  Ensure that air compressors are of sufficient size and 

capacity to perform the work. 
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Cleaning the Slot.  Contractors believe that inspection of the slot is extremely important in 

Washington.  Sandblasting is believed to be the only way to get it clean (water blast does not 

appear to work as well).   

Foam Core Board Inspection.  If the board “rolls over” it is easy to get buried in the fill 

material and will ultimately result in spalling, so it is vital to keep the core board straight up to 

form the joint.  Specs require that the board will not be higher than the retrofit slot material.  

However, if the board is slightly higher than the retro surface, it would provide a simple visual 

that the board is straight.  This helps the inspector see if it is rolled over.  If rolled over, then the 

area can be cleaned out and sealed to avoid a spalling condition.  The DBR does not need to be 

replaced. 

California uses core tests to determine alignment, placement, and polyester concrete 

consolidation.  California requires a test section at least 1 traffic lane wide and at least 300 feet 

long.  The contractor must drill cores for the Department's evaluation of dowel bar placement 

and polyester concrete consolidation (section 41-8.01D(4)).  If DBR work is noncompliant, the 

contractor is required to: 

1. Stop dowel bar retrofit activities  

2. Modify equipment and procedures to demonstrate corrective action  

3. Replace noncompliant dowel bars 

4. Perform additional core tests to verify compliance 

5. Construct another test section 

 

Minnesota requires that, prior to major DBR operations, a DBR construction demonstration is 

performed that includes 24 dowels.  The engineer marks three locations for 6-inch coring at 

center of dowel.  The engineer will examine the core to see if dowel anchoring is acceptable.  If 

dowels are located improperly or air voids exist around the dowel, replacement is required.  A 

30-day warranty on all repairs is specified that starts after diamond grinding is completed in the 

lane.  An additional core is taken at a frequency of 1 per 600 bars.  If there are problems, the 

frequency is increased. 

Utah requires a similar 24-DBR test section.  Cores are taken for verification of alignment, 

placement, and consolidation.  Slot material approval is required. 

Missouri inspection includes visual inspection of the slots, sandblasted faces, dowel assembly 

placement, foam core inserts, and equipment.  Tests are specified for the slot material.  Basically, 

the inspection is only visual.  Unacceptable DBR repairs must be mitigated by a method 

proposed by the contractor and acceptable to the engineer.  Missouri contractors agree that a 

preliminary test section (of a few DBR installations) is a good idea to ensure the contractor 

knows how to properly do DBR work. 
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Incentive/Disincentive  

There are no incentives/disincentives used by any of the States for DBR.  The Utah contractor 

stated that some type of warranty would be valuable.  Then the subcontractor would be 

motivated to accomplish better quality.  Minnesota has a 30-day warranty on all repairs that 

starts after diamond grinding is completed in the lane.  Minnesota feels that if a DBR is going to 

deteriorate it often happens very quickly, and the 30-day warranty will very often catch this 

occurrence.  Missouri and Utah also agreed that a short-term warranty may be a valuable idea for 

DBR.   

5. Performance & Survival of Dowel Bar Retrofit 

Washington.  The Washington State OT Pavement Policy states:   

Dowel bar retrofits can be effective since WSDOT did not generally place 

dowels in PCC pavement up until 1993. Dowel bars placed in the wheel paths 

have been shown to significantly restore load transfer and hence reduce 

reoccurring faulting. Dowel bar retrofits can be expected to perform 

adequately for about 10 to 15 years. Following this, it is common WSDOT 

experience to observe accelerated slab deterioration.  (WSDOT Pavement 

Policy, 2015) 

Overall, DBR performance has been good with very few performance issues.  If constructed as 

part of CPR and done earlier in the JPCP’s, life the future pavement life can be extended 20 to 30 

years.  An example includes a Washington DBR section constructed in 1995 that has still not 

developed any significant faulting.  DBR as part of CPR is critical to successful future non-

doweled pavement life.  Another DBR project on I-82, constructed in 1997, also continues to 

perform well.  

California.  DBR projects have performed well in California except for some initial projects.  

Backfill or slot material may crack, but that doesn’t mean the dowel is not providing good LTE.  

As long as a bar is providing LTE and slot material has not come out then it has not failed.  DBR 

joints can be tested using Falling Weight Deflectometer equipment for LTE, which is the 

ultimate DBR performance criterion (typical DBR joints have an LTE > 80 percent).  Projects 

may require subsealing first to provide sufficient support so that DBR will provide good 

performance (in other words, DBR does not solve existing loss of support problems).  Truck 

traffic has increased on all older projects, greatly making good joint support even more important 

to prevent erosion and loss of support.  Typical performance has been 10 to 15 years. 

Minnesota.  DBR is applied on both non-doweled JPCP and at transverse working cracks of 

JRCP.  DBR should last 25 years if the surrounding PCC is sound and the repair material 

remains durable.  A few bad lots of repair material have been obtained.  A Minnesota contractor 

estimates DBR will last 20+ years if properly constructed and applied. 
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Missouri.  DBR has been applied mostly at working transverse cracks of JRCP.  Types of 

deterioration includes spalling (minor), joint fault (minor), and cracking (minor).  Performance 

has been very good to date.  The oldest projects are 10 years old under heavy I-70 truck traffic 

and showing good performance to date; there have been no failures.  A Missouri contractor says 

that all projects are lasting >10 years.  He has observed >20 years on a few projects in other 

States. 

Utah.  Types of deterioration include spalling (minor), joint fault (minor), and cracking (minor).  

Performance has been excellent to date for 11 DBR projects that have been constructed since 

2002.  The oldest DBR project in Utah is a JPCP project on I-215 with skewed joints that is now 

15 years old.  The project shows no deterioration and should last 20+ years. 

In summary, typical CPR projects without DBR have lasted from 8 to 15 years (depending on 

truck traffic, climate, base type, joint spacing, and tied shoulders) before faulting returns and 

diamond grinding is again required.  Justification for DBR requires a design service life of at 

least 15 to 20 years or more.  DBR service life has been consistent across all of the States 

included in this survey, which include a wide range of climates and pavement types and 

deterioration.  Thus, if long-term service life is desired and the existing JPCP or JRCP has 

durable PCC, then DBR may be a cost-effective alternative to include in CPR.   

The AASHTOWare Pavement ME Design procedure can be used to evaluate the future 

pavement performance (faulting, cracking, IRI) with and without DBR.  DBR performance 

depends heavily upon proper construction.  Preconstruction just-in-time training and adherence 

to good specifications will enable a significant service life extension for a JPCP or JRCP project. 

6. Summary 

The dowel bar retrofit technology has been improving for many years and has proven to be a 

highly successful repair technique to increase the joint load transfer efficiency of non-doweled 

transverse joints in JPCP and working transverse cracks in JRCP.  To be successful and perform 

15 to 20+ years, a DBR must meet the following requirements: 

 Sound existing slab concrete surrounding the DBR.  Otherwise, early failure will 

occur.  Full depth panel replacement/joint repair should be placed if sound concrete is not 

available at the joint where the slots are located. 

 Proper sawing of the slots and removal of concrete.  Removal must not damage the 

lower portions of the concrete slab. 

 Cleaning (sandblasting best) of the dowel slot area is absolutely essential, along with 

placement of an effective bonding agent, if specified. 

 Sealing of the underlying crack below the DBR is required to prevent material from 

infiltrating the joint or crack and causing future failure. 

 Forming of the joint/crack through the center of the dowel bar properly. 
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 DBR slot material must be durable and long lasting, not shrink significantly, and bond 

to the slots.  Regular concrete has worked, but rapid setting and other specialty materials 

have also shown very good long-lasting performance in the small slots. 

 Inspection is observational and thus must be monitored adequately.  Warranties (e.g., 30 

days or longer) are believed to be an effective approach to improved quality and longer 

lasting DBRs. 

 Service life for DBR projects exceeds that of non-DBR projects because joint faulting 

does not return and require additional grinding or an overlay.  Typical CPR projects with 

DBR have lasted from 10 to 22 years, depending on PCC condition, truck traffic, climate, 

base type, joint spacing, and PCC tied shoulders.   

Thus, DBR has produced a significant increase in life of faulted JPCP and working transverse 

cracks JRCP in Washington and all of the other States interviewed when the specifications are 

followed, materials are durable, and inspection/acceptance procedures are followed.  In these 

cases, a life of 10 years to 20+ years has been achieved.  However, many things can and will go 

wrong if the State inspection staff and the contracting staff are not trained on proper procedures.  

This points to the importance of just-in-time training for the State and contractor personnel prior 

to the start of work. 
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#3 Diamond Grinding Case Study for 
Utah and Other Leading States 

Abstract 

Diamond grinding is a technique applied to an existing concrete pavement to produce a smooth 

ride, longitudinally textured skid resistant surface, and lower pavement/tire noise level.  

Diamond grinding has been used extensively since the mid-1960s.  Combined with other needed 

concrete pavement restoration (CPR) techniques, diamond grinding provides a major restorative 

and cost-effective preservation treatment that can significantly increase pavement service life 

before structural overlay or reconstruction is required (Rao et al. 1999, Darter & Biel 2016).  

This case study report focuses on diamond grinding in Utah but also includes information from 

Washington, California, Missouri, Georgia, and Minnesota. 

The first diamond grinding project in Utah was performed in 1988, and more than 60 major 

projects have been completed since then covering over 6 million square yards or 852 lane miles 

of traffic lanes.  Utah builds jointed plain concrete pavement (JPCP) and did not include dowels 

until the late 1990s.  Thus, some JPCP developed joint faulting from erosion of the base courses.  

A recent survival analysis indicated that diamond grinding projects helped to extend the 20-year 

design life of JPCP in Utah by more than double (Darter & Biel 2016). 

The Utah Department of Transportation has developed technology that has resulted in some 

effective specifications, special provisions, and standard drawings as needed for diamond 

grinding projects.  In addition, inspection and acceptance of projects have improved over time.  

Utah has several positive aspects going for it to improve life of diamond grinding, including a 

typically hard aggregate (river gravel, granite) in the concrete slabs, durable concrete slabs, a 

drier climate, base courses that have bonded to the slab and not pumped excessively, and 

reasonable joint spacings (12 to 19 ft).  Lack of dowels and a cold climate are negatives that 

contribute greatly to joint faulting, however, and some faulting has occurred on heavier truck 

trafficked highways.  

Performance of diamond grinding in Utah has been good, providing a service life ranging from 

10 to 20 years for undoweled JPCP.  Dowel bar retrofit has been utilized on 10 projects that have 

not re-faulted, so this is a major factor that will improve the life of diamond grinding.  The other 

States included in this case study report a similar life of diamond grinding, ranging from 7 to 20+ 

years depending on various conditions. 
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1. Introduction 

Diamond grinding is a well-established technology that has been utilized extensively since the 

1960s to provide a smooth yet textured surface for older existing concrete pavements that have 

been repaired adequately.  Diamond grinding in combination with other repairs can reduce the 

existing pavement International Roughness Index (IRI) from 20 to 80 percent.  Thus, an existing 

jointed plain concrete pavement (JPCP) or jointed reinforced concrete pavement (JRCP) with an 

IRI of 160 inches/mile, could be expected to have an after grind IRI of about 160*0.5 = 80 

inches/mile for a 50 percent reduction.  Minnesota reported that a typical IRI of diamond ground 

projects is 60 inches/mile.  Figure 9 shows an illustrative time history of IRI before and after 

diamond grinding with dowel bar retrofit (DBR).  Note the 52 percent reduction in IRI and that 

the IRI has not increased after grinding due to DBR that has prevented faulting at transverse 

joints.  

 

Figure 9. Texas US 69 JPCP diamond grinding (52% reduction). 
 

Diamond grinding is considered a cost-effective preservation treatment for many existing JPCP 

and JRCP that can significantly increase pavement life before more costly treatments such as 

overlay or reconstruction are required. 

 

This report is a case study for Utah but also includes information from Washington (JPCP), 

California (JPCP), Missouri (JRCP), Georgia (JPCP), and Minnesota (JPCP, JRCP).  The 

technique was first used in 1965 on a 19 year old JPCP on I-10 in Southern California to 

eliminate transverse joint faulting.  This pavement was again ground in 1984, 1997, 2005, and 

2017 still carrying heavy traffic 70 years after it was first constructed.  Diamond grinding 

became a widely used technique in other States in the 1970s, particularly in Georgia, 

Washington, and Minnesota.  The first diamond grinding project in Utah was performed in 1988, 

and more than 60 major projects have been completed since then.  Utah builds JPCP that did not 

include dowels until the late 1990s.  Many of these JPCP developed joint faulting from erosion 

of the concrete treated base (CTB) or lean concrete base (LCB) courses.   
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The Utah Department of Transportation (DOT) and other State DOTs have developed improved 

technology over the past few decades that has resulted in today’s highly effective specifications, 

special provisions, and standard drawings.  In addition, inspection and acceptance of projects 

have improved over time.  Information for this document was obtained from both State and 

contractor/industry interviews of those considered experts in diamond grinding and concrete 

pavement restoration (CPR) as well as current published literature.  Current information 

indicates that diamond grinding has been very effective in both smoothing rough older 

pavements and providing good frictional surfaces and noise reduction.  Pavement performance 

data show that diamond grinding (as part of an overall CPR program) has extended the life of 

JPCP until overlay or reconstruction in Utah out to 40 to 50 years, which is more than double the 

original 20-year design life of the JPCP.  A significant life extension of JPCP and JRCP was also 

found in the other States surveyed. 

 

This document presents key information from the interviews for pre-construction considerations, 

diamond grinding specifications, acceptance and inspection, and performance and survival 

results for diamond grinding.  A Tech Brief was also prepared that provides concise 

recommendations and guidelines for diamond grinding. 

2. Pre-Diamond Grinding Considerations 

Utah and other States typically perform diamond grinding primarily to remove joint faulting and 

to restore pavement texture (and friction) and smoothness.  Another reason is to address studded 

tire wear in States like Washington, where over 1 inch of rutting wear out can develop on 

concrete surfaces caused by studded tires.  Reduction of pavement/tire noise level is another 

reason to diamond grind an existing pavement to remove harsh cross tining or other texture 

issues.   

Utah conducts an initial scoping of the project 2 to 3 years in advance of expected construction.  

A final scoping occurs about 2 months before construction to get final quantities for bidding 

purposes.  Utah and other States typically take into account the following key pre-diamond 

grinding considerations: 

 Consideration of the pavement age, traffic, design, and past rehabilitation history. 

 Assessment of the existing pavement condition in terms of distress type (joint faulting, 

rocking panels, slab cracking, settlements), severity, and extent, as well as the existing 

IRI along the project, and lane by lane. 

 Depth of sound concrete at transverse joints. 

 Desired service life of the restored pavement. 

 Noise level (pavement/tire). 

 Blade spacing considerations. 

These considerations provide answers to questions like: 
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 Is this a suitable candidate for CPR? 

 What are the major types of deterioration that requires direct consideration in the CPR 

construction project? 

 Are there any serious problems along the project that will require special treatment for 

diamond grinding, or areas where diamond grinding should not be performed? 

 Is this diamond grinding being done to provide a short life extension (e.g., <10 years) or 

to achieve a longer service life? 

Answers to these questions then lead to the development of the design plans and specifications. 

Pavement Age, Traffic, Design, and Past Rehabilitation 

The younger the pavement (and less deterioration), the longer the CPR and diamond grinding 

can be expected to last.  The heavier the traffic, the shorter the diamond grinding can be expected 

to last.  And of course, the existing pavement design is critical:   

 JPCP:  Critical design features are dowels at transverse joints, joint spacing, slab 

thickness and underlying deterioration, and base type. 

 JRCP:  Critical design features are joint spacing, reinforcement adequacy (are the 

transverse cracks deteriorating?), slab thickness and underlying deterioration, and base 

type. 

Past restoration and rehabilitation activity provides clues about the progression of deterioration.  

Diamond grinding projects have been repeated at least twice in all of the surveyed States and 

three to four times in some States.  Utah increases slab thickness slightly to account for future 

multiple grindings.  Service lives of these multiple CPRs may decrease over time because more 

deterioration exists and traffic is heavier, but they have been acceptable to the agencies involved.  

None of the States noted any durability issues caused by diamond grinding itself. 

Pavement Condition 

Utah assesses the existing pavement condition in terms of distress types, including the following: 

 Joint faulting (increased faulting requires greater concrete removal and is indicative of 

greater amounts of faulting to come after diamond grinding).  Utah uses the 

AASHTOWare Pavement ME Design software to assess future faulting of the diamond 

ground JPCP with and without dowels and the diameter of dowels.   

 Rocking panels indicate a serious structural problem exists in the base/subgrade.   

 Slab cracking (increased slab cracking may be indicating fatigue cracking from heavy 

traffic, or from some previous design or construction deficiency).  Utah uses the 

AASHTOWare Pavement ME Design software to assess future transverse fatigue 

cracking of the diamond ground JPCP with reduction of a certain amount of slab 



41 

thickness.  California specifies that > 15 percent slabs cracked may not produce a good 

performing CPR/diamond grinding project. 

 Joint spalling indicates partial depth and full depth repairs that must be placed prior to 

grinding. 

 Settlements or heaves along the project may need attention prior to diamond grinding. 

 The existing IRI along the project, lane by lane, is measured.  The higher the IRI, the 

greater the difficulty to grind the project, and the “acceptable” IRI for acceptance may 

need adjustment.  

 Friction is specified by California as another criterion; a coefficient that is less than 0.30 

is considered suitable for diamond grinding retexturing. 

 Underlying concrete deterioration at joints is a serious problem in Minnesota.  

Durability of the existing portland cement concrete (PCC) is critical.  Some joints do not 

appear to have underlying deterioration but actually do, and if not repaired this 

deterioration will shorten the life of the diamond ground project.  Cores should be taken 

at joints to determine the extent of deterioration. 

Service Life of Restored Pavement 

Most CPR and diamond grinding is done to provide for a long service life—10 to 20+ years.  

There are occasions, however, when a life of 5 years may be desired.  In this case, the diamond 

grinding may not need to achieve as low an IRI after grinding as if the pavement is required to 

serve for a much longer time period. 

Noise Level of Restored Pavement 

Conventional diamond grinding significantly reduces the noise level of the existing pavement.  

When the project is located where low tire/pavement noise is very important, use of the Next 

Generation Concrete Surface (NGCS) can provide the quietest texture available for non-porous 

concrete pavements. The texture can be obtained using conventional diamond grinding 

equipment and blades but in a somewhat different configuration than traditionally used.  Of the 

States surveyed, Minnesota and California have utilized the new generation texture for grinding 

where noise is of concern since 2007.  This has proven to result in lower tire/pavement noise 

with good performance.  Another application for either conventional diamond grinding or NGCS 

is when there exists a harsh transverse tining finish that creates too much noise.  Elimination of 

existing cross tining can significantly reduce tire/pavement traffic noise.  It uses conventional 

diamond grinding equipment and blades but in a somewhat different configuration than 

traditionally used. (Schofield 2016) 

Blade Spacing and Texture Required 

In all of the States included in this study, it is the contractor’s responsibility to select the number 

of blades per foot to be used to provide the proper surface finish for the aggregate type and 
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concrete present on the project.  Recommended blade spacing to achieve optimum texturing was 

strongly related to concrete coarse aggregate hardness with softer aggregate requiring a wider 

blade spacing (or increased land area).  Table 5 summarizes the texturing requirements of the 

States included in this study.  Most States specifications particularly emphasize the difference 

required in blade spacing between soft and hard aggregates. 

3. Diamond Grinding Specifications 
All of the States included in this study have up-to-date and highly effective specifications for 

diamond grinding.  All of these States have spent many years refining and improving their 

specifications.  California and Georgia began experimenting and refining diamond grinding in 

the early 1970s, and others came shortly after that.  Table 6 summarizes the specifications, 

special provisions, and other documents from these States. 

A “Standard Specification for Diamond Grinding for Pavement Preservation” is also under 

development at the present time.  This document may be approved later in 2017 or early 2018 

(AASHTO 2017). 

Table 5. State diamond grinding texturing requirements. 

 

State Groove Width 
Land Area, 

Between Groves* 
Grove Depth Comments 

Utah 0.09 to 0.15 in 

 

0.06-0.13 in 

 

1/16 in (0.06 in) 

 

Grinding texture has not 

been an issue due to 

hard aggregate. 

California 0.08 to 0.12 in 

55 to 60 grooves per 

foot of width 

 0.06 to 0.08 in from 

the top of the ridge 

to bottom of groove. 

 

Georgia Select the number of 

grooves per foot to 

produce the surface 

finish for each 

aggregate type that is 

in the concrete 

surface on the project 

(wide range of 

aggregate hardness 

exists. 

Want the minimum 

blades that will allow 

land area to break, so 

as to maximize land 

area of the grind.   

1/16 in (0.06) +/- 

1/32 in (0.03) 

measured from peak 

of groove to bottom 

of the groove. 

Select the number of 

grooves per foot to 

produce the surface 

finish for each 

aggregate type that is in 

the concrete surface. 

Minnesota  Limestone:  

0.09 to 0.11 in 

Granite/gravel/ 

quartzite:  0.08 to 

0.095 in 

1/8 in (0.125) +/- 

1/16 (0.06 in) when 

measured from peak 

of groove to bottom 

of the groove 

 

Missouri 0.22-0.24 in. 

Blade spacing 

increased due to 

 1/32 in (0.03 in) Contractor: Soft 

aggregate can be a 

problem.  Adjust blade 
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State Groove Width 
Land Area, 

Between Groves* 
Grove Depth Comments 

softer nature of 

predominate 

limestone aggregate, 

otherwise fins break 

down more quickly. 

spacing accordingly.  

0.124 in spacers for soft 

aggregates and 0.105 in 

spacers for hard 

aggregates. 

Washington 3 ⁄32 and 5 ⁄32 inches 

wide 

1/16 to 1/8 in <1/16 in (0.06 in) Aggregate hardness is 

major factor.  East side 

(Spokane) has soft 

aggregates and more 

studded tire wear 

occurs.  West side has 

hard aggregates with 

less wear occurs. 

Careful selection of 

blade spacing required. 

*Note:  For all of these States, it is the contractor’s responsibility to select the number of blades per foot 

to be used to provide the proper surface finish for the aggregate type and concrete present on the project.  

Table 6. Summary of State specifications for diamond grinding. 

 

State Specification Comments 

California Section 42-3: Grinding 

Specifications for grinding concrete pavement surfaces. 

40-1.01D Smoothness requirements. (2015) 

 

Georgia GA 431 Grind Concrete Pavement (2014)  

Minnesota MnDOT SP 2302 

S-142 (SP 2302) CONCRETE GRINDING 

MnDOT Pavement Surface Smooth-ness 2399 

(Includes incentives/disincentives. (2016) 

Special Provision 

1717: Air, Land, 

and Water 

Pollution for 

Concrete Grinding 

Missouri MoDOT Sec. 622.30 Diamond Grinding of Existing 

PCC Pavement. (2016) 

 

 Utah Grinding Pavement 02981. 

Special Provision 02742S. 

Pavement Smoothness 02701 (2017) 

 

Washington WSDOT 5-01 Cement Concrete Pavement 

Rehabilitation (2016) 

 

 

The States and other sources make various recommendations regarding diamond grinding of 

concrete surfaces that should be considered in specifications or guidelines.  These are 

summarized here: 
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 Roughness measurement.  Diamond grinding equipment has become much more 

reliable.  The profile data help to ensure that the correct amount of grinding takes place 

and minimizes the low or high spots along the pavement.  To meet smoothness 

specifications, the State and contractor need to perform the roughness tests during the 

same time period.  The measured profile index or IRI changes throughout the day due to 

thermal gradients through the slab that result in curling, which affects profile 

measurements.  The time between grinding and profile measurement must be short to 

avoid impact of additional joint faulting, especially if project includes no dowels or DBR. 

 Equipment checks for the state and contractor equipment are performed yearly to ensure 

they measure the same values.  State and contractors also recommend that a national 

certification process should be performed.  Currently, each State has their own methods 

and testing.  Reciprocity is needed among all States. 

 Widening projects.  California and Washington specify that, before new JPCP or 

continuously reinforced concrete pavement (CRCP) lane replacement or widening 

projects, the entire adjacent lane width should be ground (California recommends if IRI > 

90 inches/mile) to establish a smooth profile for concrete paving equipment to work 

against. 

 Diamond grinding of projects patched with viscoelastic type materials.  The past 

decade has brought about new partial depth patching materials generically called hot 

applied synthetic resin compounds (HASRC).  These materials are much softer than the 

cementitious materials used for decades to repair concrete pavements.  This material is a 

polymer-modified resin-based material that is hot applied and is flexible.  Diamond 

grinding of some projects where HASRC materials have been placed has resulted in 

severe problems during diamond grinding operations.  (Frentress 2010, Darter & Rao 

2014).  One manufacturer, Crafco, Inc., issued specific procedures in 2011, 2012, and 

2015 for TechCrete patching procedures when diamond grinding would be performed.  

o “Flexible patch materials such as TechCrete, especially when placed in larger 

patches, can experience roughness issues because the material can form gummy 

ridges during the placement process which may create uneven surfaces.  In worst 

case scenarios, the grinder can deflect into the TechCrete patch area due to its 

heavy weight creating scallops and roughness issues well outside of typical 

specifications.  Additionally, in long patches paced longitudinally on a pavement 

surface, polymer strings may be created during the grinding process which will 

wrap around the grinder’s cutting head.” 

o The recommended procedures would increase the stiffness of the material (20 to 

30 percent aggregate added to the resin) to stiffen up the mix. (see Crafco, Inc. 

Installation Instructions 2011, 2012, 2015).  These special procedures may help 

the situation, but there may still be difficulties especially when repairs are greater 

than 2x2 ft and there are many of these in close proximity.   
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